Rapid development in industrial sectors and population expansion has adverse impact on the Cooum river basin, especially Chennai region. The present study focuses on the assessment of seasonal variation in surface water quality of Cooum river basin. The samples were collected seasonally and are categorized as premonsoon, monsoon and post-monsoon during March 2013 to March 2014. Eighteen physicochemical parameters were assessed for eleven different samples collected along the channel of Cooum river basin. Statistical tools such as correlation analysis scatter plots, box plot and multivariate tools such as cluster analysis and principal component analysis were applied to categorize the Cooum river water quality. From the data sets, the ionic concentration, organic loads exhibits positive correlation (R 2 >0.7) for all three seasons. Also, box plot and scatter plot results revealed that during post-monsoon season the ionic concentration along with organic and inorganic levels were slightly higher than monsoon and pre-monsoon. Similarly, multivariate statistical tools such as principle component analysis (PCA) indicate that the ionic concentrations and organic load contributed more than 50% of variance while cluster analysis (CA) reveals that nature of pollutant load among the sites.
Introduction
River plays a major role to systematize landscape and giving shape to the ecological setting of a basin. They also possess important role in controlling the global water cycle with active agents of transport (Garrels et al., 1975; Kumarasamy et al., 2014) . Furthermore, the river carries substances either in dissolved or suspended form, from one point source to another based upon its physicochemical nature. Environmental factors such as rainfall, temperature, weathering of rocks, anthropogenic activities plays crucial task in quality of rivers. The major cause of rivers flowing through urban areas has been associated with water quality problems and the practice of discharging untreated industrial and domestic wastewater (Hall, 1984) . Several studies have been conducted on different river basin based on the hydrology and geochemical variations (Shrestha and 528 DHAMODHARAN et al. Kazma, 2007; Kihampa et al., 2013; Koklu et al., 2010; Kumarasamy et al., 2014; Singh et al., 2005) . Monitoring the surface runoff of a river on seasonal basis provides valuable information on the ecohydrological conditions of a river basin (Kumarasamy et al., 2014) .
Chennai is a metropolitan city in India, comprising many industries in and around the outskirts. The population in Chennai is accelerating day by day due to migration of people from various parts of villages and other areas in India. The river Cooum is the oldest river basin in Chennai and due to movement of population from rural to urban rapidly increases the pressure on the drainage system and sewage treatment plants, hence the discharge of these sewage in to Cooum makes it more polluted. Understanding the river quality is very important, as the chemical alteration of the groundwater depends on factors such as interaction with solid phases, residence time of groundwater, seepage of polluted river water and anthropogenic impacts (Umar et al., 2006; Stallord and Demand, 1983; Faure, 1998) . Giridharan et al., (2008) reported the groundwater quality near the proximity of Cooum river analyzed for geochemical analysis. It has been identified that proximity areas near to the banks of the Cooum river were major source of ground water deterioration of these areas. In another study, the Cooum river has been analyzed from the origin till it reaches the ocean (48 km stretch) with different classification (such as upstream, middle and downstream) after tsunami restoration. However, in the usual practice, the pollutants from runoff due to various activities such as agricultural practice and other domestic practices get more intense pollution in the downstream of the river. Hence, in the present study, the seasonal variations in surface water quality of Cooum river especially Chennai region (downstream) was assessed to understand the level of pollution load in the river. Statistical analysis has been carried out in this study to reduce the range of uncertainty. In recent years of research, various statistical techniques such as multivariate statistical analysis through principal component analysis (PCA), cluster analysis (CA), have been used to evaluate and interpret complex datasets to better understand the river water quality (Fan et al., 2010) . Principle component analysis (PCA) used to explain overall association among the physicochemical parameters (Khimpa et al., 2013) . Also, the other statistical techniques such as Boxplot, Scatter plot are widely accepted to determine the water quality (Krishnakumar et al., 2014) . These statistical tools have been used to explore data analysis for identify sampling points, pollution sources and most significant variable responsible for changes in river water (Aris et al., 2012) . Furthermore, statistical approaches have been employed to data recorded in several complex systems where data reduction and interpretation can be easily analyzed through application of statistical techniques. In addition, large range correlation can be achieved using statistical approaches which are means to interpret river water quality compared to conventional methods that infer without statistical significance.
Materials and Methods

Study area
River Cooum originates from Kesavaram dam, Kesavaram village at about 48 km west of Chennai. Though river Cooum originates from this dam, the excess water from the Cooum tank (79.82° latitude and 13.02° longitude) joins this course at about 8 km and this is considered as the head of the river Cooum. Throughout the river stretch in the upper part of the river, it was found that many agricultural activities are being carried out. The river receives a sizeable quantity of sewage from its neighborhood after it reaches Vanagram near Chennai. It flows through Kanchipuram, Thiruvallur and Chennai districts for a distance of about 68 km, after which it flow through the heart of the Chennai city and enters into the sea, Bay of Bengal. Eleven locations (Figure 1 ) have been identified to collect samples from the 18 km stretch of river basin in Chennai city. 
Methodology
Sample collection was carried out at each sampling site during March 2013-March 2014 (categorized as premonsoon, monsoon and post-monsoon). The sampling locations and their designation are presented in Table 1 . Grab sampling procedure has been adopted as per the standards prescribed by CPCB (CPCB 2008) for collection of samples from the river. Samples were collected in pre-cleaned, sterilized polyethylene bottles and utmost care was taken to fill the bottles without air bubbles. ). The physicochemical parameters are estimated by following standard procedure prescribed by American Public Health Association (APHA 2001) . The parameters such as pH, EC were measured using potable kit (ELICO, India) at site during sampling. The analytical methods adopted for analysis of water quality parameters are presented in Table 2 . The analytical data quality was ensured through standardization experiments with duplicates and average has been reported. 
Statistical analysis
The application of statistical tools helps in interpretation of complex data matrices to understand the water quality, identification of possible sources that influence water systems and offers valuable information for reliable management of water resources (Simeonov et al., 2004 , Reghunath et al., 2002 . In this study, the exploratory data analysis such as Boxplot designs, Scatterplot, multivariate statistical analysis such as Principle component analysis (PCA), Cluster analysis (CA) were carried out using Minitab software and correlation matrix were carried out using SPSS. The PCA was performed on experimental data (raw data) using the correlation matrix as the methods of classification used here are non-parametric and they make no assumptions about the underlying statistical distribution of the data and therefore no evaluation of normal (Gaussian) distribution of the data is necessary. The Characterization roots (Eigen values) of the PCs (principle components) are a measure of their associated variances and the sum of variances coincides with total number of variables. These correlations of PCs are given by loading plot and individual observation transformations are called score plots. Cluster analysis (CA) helps to delineate variables, observations based on its characteristics (Shrestha and Kazama, 2007) .The Euclidean distance yields similarity between samples and a distance can be estimated by difference between analytical values from the samples. In this study, Hierarchical agglomerative CA was performed based on the normalized data by means of ward method using squared Euclidean distances as a measure of similarity. The spatial variability of water quality was determined from CA, using linkage distance. Cluster analysis was used in the study as a visual summary of intra relationship amongst variations parameters to better understanding of governing factors (Pejman et al., 2009) . Likewise, PCA provides information on parameters that describe whole data set with minimum loss of original information. It also explains the variances of large set of inter correlated variables and transforms to uncorrelated principal components. The correlation between the parameters was carried out by Pearson's correlation. A correlation analysis is a bivariate method applied to describe the degree of relationship between hydrochemical parameters. Variable representing with correlation coefficient is r and independent variables are the percentage of variance with dependent variable. A high correlation coefficient (near to 1 or -1) implies a good relationship between two variables and zero implies there is no relationship between variables (Venkatramanan et al., 2013) . Scatter plots were employed in order to illustrate the relationship among parameters based on seasonal variation, while, box plot helps to assess and compare distributions.
Results and Discussion
Physicochemical analysis
The various physicochemical characteristics such as pH, Electrical conductivity (EC), Total dissolved solids
, Chemical oxygen demand (COD), Biochemical oxygen demand (BOD), Phosphates (PO4 3-) were analysed for the samples collected from different sampling points of Cooum river during premonsoon, monsoon and post-monsoon and the results along with minimum, maximum, mean and standard deviation are presented in Table 3, Table 4 and Table 5 , respectively.
Though the seasonal variation in quality of surface water of Cooum is depicted in Table 3, Table 4 and Table  5 , for the sake of brevity, only TDS and EC Scatter plots have been presented in Fig 2a and Fig 2b, respectively. It can be noted that the pH value of samples from various locations are in the range of 7.3-7.9 with a mean of 7.6 during pre-monsoon (Table 3) . Similarly, during monsoon season the pH was in neutral ranging from 7.0-7.4 with a mean of 7.2 which is slightly lower than pre-monsoon season (Table 4) . However, during post monsoon, the pH was found out to be slightly alkaline ranging from 7.3-8.1 with a mean of 7.6 (Table 5 ).
Electrical conductivity (Fig. 2a) during pre-monsoon ranges from 1696 to 14160 µS cm -1 with mean of 4073 µS cm -1 and during the monsoon season, the electrical conductivity ranges from 1510-7140 with mean of 3194 µS cm -1 which is low compared to other season. However, during post-monsoon season the EC was very high in the range of 2260-42400 µS cm -1 with mean of 10560 µS cm -1
, which may be due to large contact time of back water intrusion. The concentration of total dissolved solids (TDS) (Fig. 2b) . The dissolved oxygen concentration in the river is nil expect for sampling location SW1 for all the three seasons, which indicates that other sites are prone to anthropogenic risks (Table 3, Table 4 , Table 5 ). The reason for DO concentration at SW1 alone would be due to backwater as the site is located near to the Bay of Bengal. BOD and COD analyses were carried out and it can be noted that COD values were in the range of 113-376 mg l -1 with mean of 252 mg l -1 during pre-monsoon (Table 3) . During monsoon season, the values were found out to be low in the range of 102-236 mg l -1 with mean of 183 mg l 1 (Table 4) . (Table 3) . Similarly, during monsoon season only ammoniacal nitrogen presence was detected ranging from 9-19 mg l -1 with mean of 14.2 mg l -1 (Table 4 ). Other species of nitrogen were found to be below detectable limit indicating inhibition of nitrification by microorganism. Likewise, the post-monsoon with mean value of 15.83 mg l -1 were found to be similar with pre-monsoon trend (Table 5) . The order of abundance were Na 2+ >Mg 2+ >Ca 2+ >K + . Despite, the concentration of ions in the monsoon and post-monsoon were different from each other. It can be noted that the order of abundance were similar for pre-monsoon and post-monsoon compared with monsoon. The anionic concentrations such as HCO3 -, SO4 2-, Cl -were quantified and the results are presented in Table 3 Table  4, Table 5 (Table 5 ). It can be noted that concentration was different in monsoon compared to post-monsoon values. However, the order of abundance was similar with monsoon and post-monsoon values exhibiting Cl -> SO4 2-> HCO3 -. 
Statistical analysis
Boxplot design
The box plot or box whisker plots of all parameters with seasonal variation are presented in Figures 3 and 4.The EC (Fig.3b) and TDS (Fig.3c ) plots were almost similar to each other, but during post-monsoon, the concentration is slightly high compared to other seasons. This may be due to the fact that more of evaporation of water. This shows that increasing level of EC can enhance ionized substances of water (Elangovan et al., 2013) . The DO levels were found to be low in seasons, pre-monsoon and post-monsoon. However, during monsoon seasons the concentration was slightly higher indicating that rainfall droplets contain dissolved oxygen from atmosphere. The trend observed for various parameters such as COD (Fig. 3d) , BOD (Fig. 3e) , NH3 (Fig. 3f ), NO2 - (Fig. 3g ) and NO2 - (Fig. 3h) indicates the presence of high load of dissolved organic and inorganic matter present in Cooum river due to which the river is polluted extremely by the release of sewage and other effluents discharged at the upstream of various stations. This is attributed to anaerobic condition of the river which in turn responsible for ammonia and organic acid formation (Shrestha and Kazame 2007) .
Similarly, it can be noted that ionic concentrations such as SO4 2- (Fig. 4a) , Cl - (Fig. 4b ), K + (Fig. 4c) , Na + (Fig. 4d ), Mg 2+ (Fig. 4e ), Ca 2+ (Fig. 4f) , PO4 3-( Fig. 4g ) and HCO3 - (Fig. 4h ) of the Cooum river was high in post-monsoon season compared to other two seasons.
3.2.2.Correlation studies
The correlation coefficient values exhibiting +1 or -1 between variables reveals that there is strong correlation. However, zero value indicates that there is no relationship between them. The geochemical parameters showing correlation >0.7 are strongly correlated and 0.5-0.7 shows moderate correlation. The amount of variation in the dependent variable that is accounted by variation on the predicted variable is measured by the value of coefficient of determination (Adjusted R 2 ). The correlation matrix estimated for all three seasons are depicted in the Tables 6, 7 and 8. It can be noted from Table 6 that during pre-monsoon season EC and TDS were strongly correlated with major cations and anions. Likewise, SO4 2-were strongly correlated with Cl -, K + , Na (R 2 >0.93). Cl -were strongly correlated with K + , Na + (R 2 >0.95). The positive correlation during premonsoon may be due to long residence time of river water such that interaction of water and rock phenomenon may be initiated. The saline water intrusion from the near sea may also play a major role in increasing in the concentration of ions. During all the seasons, Na and Cl had a strong positive correlation. It is therefore, postulates that concurrent increase/decrease in the composition of ion in this river may be due to result of dissolution/ precipitation reaction and concentration effects. TDS and EC are positively correlated because conductance of electric current depends upon dissolved ionic species. Hence high EC concentration corresponds to High TDS (Siosemarde et al., 2010) .
3.2.3.Multivariate tools
Cluster analysis helps to detect spatial similarity among grouping sites of inter monitoring network (Singh et al., 2005) . The dendrogram for all three seasons viz., pre-monsoon, monsoon, post-monsoon are presented in Figure 5 . It can be observed for pre-monsoon season (Figure 5a ), Cluster 1 comprises of sites 1, 3 showing distance of 31.02 indicating high loads of pollutants, Cluster 2 comprises of sites 2, 5, 4, 9, 10, 11 with distance of 29.27 indicating moderate loads of physicochemical parameters, Cluster 3 comprises sites of 6, 7, 8 with distance of 27.82 indicating less polluted levels in the river Cooum. During monsoon season shown in Figure  5b , Cluster 1 comprises of sites 1, 2, 3, 4, 5 with relative distance of 46.47, Cluster 2 comprises of sites 6, 7 with distance of 10.93, Cluster 3 comprises of sites 8-11 with a distance of 9.32. During monsoon season, all the sampling points exhibited relatively less pollution load compared to other season which is due to the amount of rainfall received during the monsoon season. Similarly, post-monsoon results were shown in Figure  5c . and it can be noted that Cluster 1 and Cluster 3 comprises sites 1 and 3 with same distance value of 50.1 indicating high pollution loads compared to cluster 2 which is due to anthropogenic activities. For all seasons, principle components with eigen values >1.0 that contributed to total variance were extracted from data set. For pre-monsoon and monsoon five components and for post-monsoon three components were extracted and are shown in Table 6 respectively. Liu et al., (2003) classifies factor loading as strong, moderate and weak based on the absolute loading values >0.75; 0.75-0.5; 0.5-0.3 respectively. EC, TDS, SO4, Cl, K, Na significantly contributed for PC1 with exhibiting variance of 48.1, 54.5 and 52.8 for all the three seasons. Similarly, COD and BOD significantly contributed for PC2 & PC3 with variance of 22%, 22.3% and 11.9% for all the three seasons. The former may be due to association of these components with natural influences on the ionic composition because of weathering and possible contribution of seawater, whereas, the later may be due to the significance of sewage/effluent loads in river. From Fig. 6 , the loading plot for the principle component (PC1 & PC2) shows the seasonal distribution of the parameters. It can be noted that from the three seasons that the variables are noticeably distinguish between geogenic sources from the anthropogenic ones. Grouping of parameters (SO4, TDS, Na + , Cl -, Ca 2+ , EC, Mg 2+ ) in all the seasons suggest that they are correlated mutually. It also portrays the characteristic of samples that helps in understanding spatial distribution among them. Similarly, the score plot (Fig. 7) developed using PC1 & PC2 substantiate the clustering of samples from the specific site spatial distribution and their space. 
Conclusions
The physicochemical parameters of surface water samples collected from Cooum river have been assessed. The results reveal that river is polluted and cannot be used for domestic, irrigation & aquaculture purposes. Furthermore, the dissolved oxygen(DO) concentration is found near to Napier bridge (SW1) only and was completely absent in other sampling points, which clearly indicates that constraint of backwater flow to other sampling points due to accumulation of sediments in the Cooum river. Correlation studies indicated that strong positive correlation between major ionic concentration and organic loads with R 2 >0.7. The majority ionic concentrations such as Na 2+, Ca 2+ ,Mg 2+ ,Cl -were higher at Napier bridge (SW1) clear indicating the positive response of backwater intrusion from sea and limited to that level which can enhance the development of mangrove vegetation and aquatic organisms. The grouping by HCA for sampling stations and the principle component analysis revealed that influence of anthropogenic activities is the main source of pollution in the river. Hence, it is imperative that it is necessary to maintain minimum flow requirement to keep the water in good condition and continuous monitoring is essential to assess the impact of pollution loads in the Cooum river.
